The pathophysiology of such acute nerve compression injuries has been studied in several previous experimental investigations.3-"1 It is often difficult, however, to compare results obtained in the different experimental investigations owing to differences in methods of pressure application and noncomparable pressure levels.
It is well known that compression of peripheral nerves may induce impairment of nerve function. The clinical picture of a nerve compression lesion depends on several factors, for example the anatomical location of the lesion as well as the severity and duration of the trauma. Acute compression may induce block of conduction which sometimes persists long after the trauma. This phenomenon may occur after, for example, acute trauma to limbs, after compression of the radial nerve against the humerus ("Saturday night palsy") or, more rarely, in association with tourniquet palsy.' 2 The pathophysiology of such acute nerve compression injuries has been studied in several previous experimental investigations. 3 -"1 It is often difficult, however, to compare results obtained in the different experimental investigations owing to differences in methods of pressure application and noncomparable pressure levels.
I Deterioration of nerve function during compression and early recovery (n = 17) After the nerve trunk had been exposed, stimulating and recording electrodes were applied to the nerve in order to record ascending nerve action potentials (NAP) (fig  l a) . The stimulating impulses were delivered by a Grass SD 9 stimulator through biopolar J-shaped silver electrodes, which were carefully placed around the nerve distally in the limb, 1 cm apart, the cathode being most proximal. Recordings were performed by a silver electrode placed around the nerve at the level of the knee and with a remote electrode in the subcutaneous tissue in the thigh. The distance between the stimulating and recording electrodes (usually 50 to 60 mm) was kept constant throughout each experiment. The recorded signal was led through a Grass P 18 differential preamplifier to a Tektronix 5103 N dual-beam storage oscilloscope, equipped with a 5A 15N amplifier. The animal and the equipment were grounded. Photographic recordings of the tracings were made with a Polaroid CR 9 camera. The nerve was stimulated with a supramaximal stimulus during the recordings (twice the strength necessary to achieve maximal amplitude of the compound action potential). The duration of the stimulating impulses was 01 ms, and impulses were given at a frequency of about 1 Hz during the recordings. The experiments started with determination of precompression values of the latency until first peak of the recorded compound action potential and the maximal amplitude of this peak of the action potential. The compression chamber was then applied to the nerve. In order to keep the preparation at a constant humidity, the whole wound was covered by *AB Stille-Werner, P.O. Box 43051, S-10072 Stockholm, Sweden. a thin film of polyethylene. The animal was placed in insulating cushions in order to keep body temperature constant. A heating lamp was placed over the experimental limb and adjusted to keep the temperature close to the nerves at 37 to 38°C, as measured by a thermistor.
The possible effects of the chamber application per se on impulse conduction velocity and action potential amplitude were studied in experiments in which the chamber was applied around the nerve but not inflated with air (sham experiments, n=4). The effects of compression were investigated in three series of experiments, at 50 mmHg (n =4), 200 mmHg (n =4) and 400 mmHg (n = 5). Compression was maintained for two hours in all experiments. Immediately after the end of the compression period, the chamber was removed from the nerve, but the stimulating and recording electrodes were left in position and nerve function was studied during a twohour recovery period.
Recordings were performed at least every five minutes during compression and also during the recovery period. The fastest conducting fibres of the nerve trunk are the fibres most susceptible to compression trauma.5 Thus, changes in the conduction velocity of the fastest fibres, that is, the "maximal conduction velocity of the nerve", compared to precompression values were calculated. Since the conduction distance was kept constant throughout each experiment, conduction velocity changes were obtained by measuring alterations in latency from the stimulus artefact to the first peak of the compound action potential. Action potential amplitude was measured as the height of the first peak, which is most likely to represent the fastest fibres in this triphasic recording system. The conduction velocity and action potential amplitude at each point of time was expressed as per cent of initial, precompression values, which were regarded as 100%. Some of the group.bmj.com on June 23, 2017 -Published by http://jnnp.bmj.com/ Downloaded from nerves were subjected to morphological analysis, nerve specimens being removed and processed as described below (see B Nerve structure).
In order to obtain reference values for normal conduction velocity in the rabbit tibial nerve, we investigated the conduction velocity of the right and left nerves in a special group of four control animals. It was found that the conduction velocity of the right nerves was on average 65-5 + 2-7 (SEM) m/s and that of the left nerves 66-2±3-1 m/s. The After the neurophysiological recordings had been performed, the exposed part of the nerve was fixed in situ by immersion in a solution containing 10% paraformaldehyde and 1-25% purified glutaraldehyde in 0-2 M cacodylate buffer at pH 7-15 with added CaCl2.15 After one hour the compressed nerve segment, together with the adjacent two to three centimetres on either side, was fixed by ligatures to a wooden peg, excised and placed in the same fixative for another hour. Thereafter, the nerve was fixed in a solution with four times the above-mentioned concentrations of aldehydes for 24 hours at +4°C. Specimens were collected from several sites that is proximal to the compressed segment, the proximal edge of the compressed segment, the central part and the distal edge zone, and distal to the compression. After being carefully rinsed in cacodylate buffer, the pieces were post-fixed in 1% OSO4 for two hours, dehydrated and embedded in Epon 812. One ,u thick longitudinal sections from the different segments were cut on an LKB ultrotome and stained for light microscopy with methylene blue and Azur JJ.16 Control specimens were obtained from the corresponding part of the contralateral, not previously exposed, tibial nerve and processed in the same way. All sections were coded. Electron microscopy was performed on specimens from the proximal and distal edge zones in three nerves compressed at 50, 200 and 400 mmHg, respectively. About 500 A thick longitudinal and transverse sections were cut on the same ultrotome and stained with uranyl acetate and lead citrate. The stained sections were then examined under a Philips EM 200 electron microscope. 2 Late effects (light microscopy) (n=20) The material was the same as presented above in the functional test of nerves three weeks after compression but also included two nerves that were not subjected to neurophysiological recordings.
Longitudinal sections from the proximal and distal cuff edge zones, the central part of the compressed segment and from 1 cm distal to the cuff were examined by light microscopy, together with longitudinal sections from the corresponding parts of the few animals and hence the differences between the different groups of nerves were only estimated and not evaluated statistically.
In the nerves subjected to two hours' compression at 50 mmHg no certain abnormality could be seen on light microscopy. Nor were there any obvious ultrastructural abnormalities in the nerve fibres.
All four nerves subjected to 200 mmHg for two hours showed light microscopical changes of varying severity two hours after release of pressure. Longitudinal sections revealed widening of Schmidt-Lanterman incisures, nerve fibre varicosities and complex folding of myelin. In three of the nerves the changes were pronounced, with estimated damage to more than 30% of the nerve fibres. In one nerve the changes were less pronounced, but still obvious. Electron microscopy was performed on one of the nerves. In transverse sections frequent rupture and coiling back of myelin was seen, which sometimes affected all layers of the myelin sheath. Furthermore, many nerve fibres showed intramyelin spaces, filled with homogeneous or finely particulate material (fig 7a) (fig 2) , but the amplitude was reduced by about 15% (fig 3) , indicating that the function of some fibres was impaired by the sham procedure. The findings during compression at 50 mmHg indicate a largely unaffected nerve conduction, at least in the fastest fibres (figs 2 and 3). It has recently been demonstrated, however, using the same mode of pressure application, that 50 mmHg during two hours acutely blocks axonal transport in the rabbit vagus nerve.14 Our findings thus indicate a differing susceptibility of axonal (table 5) .
In the nerves which had been compressed at 400 mmHg for two hours, the conduction velocity was reduced both at the level of compression and distal to this level (table 3, fig 5b) , a finding which indicates a significant Wallerian degeneration of fast conducting, large diameter fibres. There was also in these cases a close correlation between the functional and the structural findings (tables 3 and 6) . One showed that the deformation of the nerve trunk caused by local compression was most severe at the boundaries of the compressed segment, and this is the level where nerve fibre damage'0 and intraneural microvascular injury13 have been shown to be maximal. It thus seems as if the deformation of the nerve at the edges of the compressed segment with subsequent damage to nerve fibres and intraneural blood vessels at these levels, is the most critical factor for development of functional deterioration after nerve compression. In our chronic experiments, the nerve fibre damage was not confined only to the cuff edge zones (tables 5 and 6). One explanation to this could be that the direct compression of the nerves caused considerable axonal degeneration which, even if induced at the edge zones, would also affect more distal parts of the nerve.
In experiments by Fowler et all" in which tourniquets were inflated to high pressure (1000 mmHg) around the knee of baboons for one to three hours, this procedure induced a neurapraxic lesion of the peroneal nerve. Thus, 400 mmHg applied directly to the nerves in our experiments induced degeneration of a slgnificant number of nerve fibres, while 1000 mmHg applied indirectly by a tourniquet induced no or only minimal Wallerian degeneration. These two different methods of compressing nerves probably induce different patterns of mechanical nerve tissue deformation. This might explain why the extent of nerve fibre damage in the two studies seems to be contradictory with a more severe damage at lower pressure. It is thus of importance to consider, not only pressure level and compression time, but also the mode of pressure applica-1081 tion in connection with nerve compression lesions.
